CONTEXT, COGNITIVE LOAD AND ANTICIPATION

3
The impact of contextual information and a secondary task on anticipation performance: An processing times of less than half a second with small margins for error, would be near impossible to execute 7 without the ability to anticipate (Gray, 2002) . The superior ability of skilled performers to anticipate is 8 underpinned by the use of information from at least two broad sources, namely, the pick-up of low-level 9 biological motion information from an opponent's movement kinematics (i.e., postural cues) and the use of 10 high-level contextual information (Müller & Abernethy, 2012 ).
11
In their two-stage model, Müller and Abernethy (2012) propose that skilled performers use these 12 contextual and kinematic sources of information to initially guide early positioning of the lower body (such as 13 the foot movement in cricket batting) and movement responses are then fine-tuned using information from ball authors demonstrated that both kinematic and contextual information contribute to anticipation and that effective 6 processing of contextual information is a strong predictor of expert performance. 
18
In investigating context, researchers have applied the term to describe a variety of information sources. 19 Runswick, Roca, Williams, Bezodis, and North (2017) differentiate between situation-specific and non 20 situation-specific contextual information. The former relates to information sources that are changeable and 21 unique to that specific event, such as game score and opponent positions, whereas the latter pertains to those that The CLT is a well-established theory of instructional design that originates from problem solving tasks 12 in educational psychology. The theory assumes that the capacity of working memory is limited and the cognitive 13 load associated with a task determines how much of this capacity is used. Cognitive load is created in three 14 ways, intrinsic, extraneous, and germane load, each with specific implications for optimizing task design 15 (Moreno & Park, 2010) . The intrinsic load refers to the difficulty of the task itself and depends on the prior 16 knowledge of the learner (Sweller, 1994) . The extraneous cognitive load refers to the way an instructional task 17 is presented (Sweller, Chandler, Tierney, & Cooper, 1990) . Germane load (Sweller, van Merriënboer, & Paas, 18 1998) consists of the cognitive resources devoted to schema acquisition and automization (the development of 19 specific cognitive representations to automatically process information). These three sources are additive, and 20 they combine to create the total cognitive load. An increase in intrinsic and extraneous load can negatively affect 21 learning due to a lack of available memory capacity for germane load and the building and modifying schemata. performers can automatically integrate extra task-relevant information using existing schemata without any 6 impact on cognitive load. Presenting a task in a more complex manner would not increase extraneous load for 7 experienced performers, whereas it would for those with less experience who do not have existing schemata to 8 integrate task-relevant information automatically. Initially, work with CLT focused on reducing extraneous load 9 in inexperienced learners using classroom tasks (e.g., Sweller, 1988) , but subsequently its application has been 10 extended to other domains which contain a number of sources of task-relevant information and to more skilled 11 learners. For example, CLT has been applied to training in medicine and to human factors (e.g., Engström, The CLT has usually made assumptions about the effect of increasing cognitive load on learning, but the 18 effect that cognitive load has on performing the primary task can also be important. Other theories based on a CLT affect performance. In vehicle driving tasks, it has been shown that increased cognitive load has a negative 1 effect on aspects of driving performance requiring cognitive control (Engström et al., 2017) and that changes 2 can result in modifications to visual attention (Lee, Lee, & Boyle, 2007) . However, the addition of information 3 that is relevant to the primary task (e.g., contextual information) has not been investigated in complex, time- skilled and less-skilled groups offers an opportunity to address these shortcomings in the literature.
10
Performance on a secondary task has been suggested as a useful method for assessing the attentional load anticipation can guide the application of CLT in a new domain, ensuring that only key information is presented 19 during practice and that working memory is not overloaded.
20
In this paper, we examine the effect of contextual information on anticipation performance and explore 21 the relative importance of kinematic and contextual information, as well as how these two sources of in skilled performers. In contrast, we predicted that the presence of context would reduce anticipation accuracy 8 in less-skilled performers, who would not be able to automatically integrate contextual information without 9 greatly increasing cognitive load. Furthermore, we hypothesized that context would cause increased cognitive 10 load and negatively affect performance on both primary and secondary tasks in the less-skilled group. We also 11 predicted that both skilled and less-skilled groups would show a reduction in anticipation accuracy under 12 secondary task conditions because of the increase in cognitive load due to the lack of access to task-specific 13 schemata to automatically integrate non-task relevant information.
14
Method
15
Participants
16
In order to test predictions of CLT, a comparison between less-skilled participants and performers who 17 have had the opportunity to develop schemata through exposure to match-play context was required. Therefore, 18 nine skilled male cricket batsmen (M age = 22.6 ± 7.8 years) who played at a minimum of club first team level 19 (M experience = 13.6 ± 6.3 years) and nine less-skilled male participants (M age = 28.9 6.7 years) with no cricket match, they all resided in a cricket-playing nation and therefore could have experienced exposure to non-1 competitive cricket in a physical education context. As a result, this group were labelled as less-skilled rather 2 than novice. The research was conducted in accordance with the ethical guidelines of the lead institution and 3 written informed consent was obtained from all participants at the outset. counting task concurrently to the primary task, both with and without context, was quantified by using the dual-19 task cost (DTC) formula, DTC (%) = 100 (single-task score -dual-task score) / single-task score (Ellmers et al., 20 2016; McDowd, 1986) . The higher the dual-task cost, the poorer the counting performance when performed 21 alongside the primary anticipation task compared with when performed in isolation.
22
Mental Effort. The Rating Scale for Mental Effort (RSME) was used to assess how context and a 23 secondary task affected mental effort. It is a one-dimensional linear scale which runs from 0-150 with zero 1 corresponding to not at all effortful, 75 corresponding to moderately effortful, and 150 to very effortful. The 2 scale has been reported as a valid and reliable measure of mental effort (see Veltman & Gaillard, 1996) . Scores 3 from the RSME were collected on six occasions in each condition and always after a repeated trial to allow for 4 direct repeated measures comparison between control and context.
5
Verbal Reports. Retrospective verbal reports were collected on six occasions in each condition. These 6 were always collected after a repeated trial to allow for direct comparison of the same trials across conditions. Participants were not required to include numbers from the secondary counting task in reports. Verbal reports 8 were transcribed verbatim and coded into two sets of four categories. First, statements were coded into cognitive 9 categories based on the structure outlined by Ericsson and Simon (1993) , and developed by Ward, Williams, and To ensure there was no context displayed in the control condition, footage showed only the bowler with 10 no further contextual information and no two deliveries from the same bowler were displayed consecutively. bowler, and a matching field layout was established using cones around the participant so that field information 21 was available throughout the delivery (see Runswick et al., 2017) .
22
In half of the trials in the control and context conditions, participants performed a secondary task of 1 counting backwards in multiples of seven from a random number between 100 and 200. In dual-task conditions, 2 participants were given the random number immediately at the start of the trial and were instructed to continue 3 counting backwards in sevens until the clip occluded. All trials that were repeated across the two main 4 conditions had matching dual-task conditions allowing for direct comparison of the effects of context (six 5 involved a secondary task and six did not). The footage was displayed on a life-size screen, projected from the 6 side using a horizontal keystone projector (Epson-X31, Japan). A regulation size batting crease and stumps were 7 placed in front of the screen to allow participants to bat against the bowlers in a realistic fashion. Conditions 8 were counterbalanced to negate ordering effects. protocol. Training included instruction on thinking aloud and giving immediate retrospective verbal reports by 13 solving a range of generic and domain-specific tasks (see Eccles, 2012) . The verbal report training protocol 14 lasted approximately 30 minutes. Participants were informed how to use the RSME (Zijlstra, 1993 ) and response 15 sheets, and were given a regulation size cricket bat and asked to stand in front of the stumps to face a 16 familiarization trial for both conditions. Participants were asked to practice giving retrospective verbal reports 17 during the familiarization trials. If these reports were not satisfactory due to the tendency of participants to 18 summarize or explain their thought processes, the participant was reminded of the training he had received and 19 further practice attempts provided. Less-skilled players were given no instruction on how to bat. However, they 20 were informed that in cricket the bowler can bowl a legal delivery anywhere between the wide lines marked on 21 the crease, the ball does not have to be aimed at the stumps and can bounce once before reaching the batter
(unlike pitching over the plate in baseball). (2011) who used the same task and groups across two context conditions and using the within-factor effect size significance was set at 0.05.
13
Results
14
Anticipation Accuracy
15
The skilled group (M radial error  SD; 36.6 ± 1.4 cm) showed more accurate anticipation than the less- addition to kinematic information. Both groups reported using information concerning opponent's positioning.
21
As expected, skilled performers were able to integrate all the available sources of contextual information with information present in the specific task to quantify the degree to which each influences anticipation.
7
Although the less-skilled participants had no previous experience of competitive match-play, they 8 reported using field settings and sequencing information, albeit sparsely, with no effect on cognitive load. These 9 findings suggest that even a limited use of context was enough to have a significant impact on the anticipation 10 performance of the less-skilled group. It is possible that the less-skilled group were able to quickly learn the 11 relevance of the opposition field placings and this effect had a significant impact on anticipation accuracy.
12
However, the less-skilled group did not report a single statement mentioning the use of the game score. This 13 may be because a more detailed understanding of the game is required before this information source becomes 14 relevant to the process, suggesting this may be an especially high-level process in this particular domain.
15
Alternatively, it is possible that instead of attempting to take this information into account, the less-skilled 16 batters elected to prioritize the information they could use that was relevant to the task and ignore other is taken up by the secondary task it is possible that learning will be hampered. Our findings from using a 2 secondary-task introduces the possibility of extending the use of such tasks beyond measuring cognitive load to 3 use in studies that test the impact of working memory resources on learning, as well as investigating the 4 mechanisms that underpin how the secondary task improved anticipation accuracy.
5
Although we did not directly assess learning, by measuring cognitive load we are able to use the 6 predictions of CLT to draw conclusions about how context in instructional design could potentially impact 7 learning. By testing CLT and finding that context facilitated anticipation performance prior to ball release but 8 did not increase task complexity to the extent that extraneous load and therefore cognitive load were affected, 9 we offer support for the use of contextual information in representative learning environments to facilitate the 10 development of anticipation in all levels of performer. Specifically, we have shown that even less-skilled 11 performers have the ability to quickly learn the meaning of, and to use some specific sources of, contextual 12 information to aid anticipation. However, some sources of context, such as game score, may require performers 13 to have a more detailed understanding before they are used in training and so may reflect the highest level of 14 cognitive processing utilized by skilled performers.
15
While we acknowledge the potential limitations of verbal reports, which may not account for sub- 
5
In summary, we analyzed cognitive processes through verbal reports and coordinated survey instruments 
